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(English Translation of Japanese Patent Application Laid-open 
No. 56-43435) 

Method of spreading a multi-filament yarn and as such 
WHAT IS CLAIMED IS: 

Method of spreading a multi-filament yarn and so forth as 
continuously supplied by running said yarn and so forth on a 
cylindrical body vibrating in its axial direction. 
DETAILED DESCRIPTION OF THE INVENTION 

The invention relates to a method of spreading a 
multi-filament yarn and the like, in more details, pertaining 
to such method whereby such yarn and the like are thinly spread 
without causing- fluffs thereon so as to be produced into a 
high-quality spread sheet with facility. 

At present, such pre-impregnation sheet in which the 
component filaments are orderly aligned as being made from 
carbon fibers, glass fibers and so forth is put to use in various 
fields. This pre-impregnation sheet is produced by thinly 
spreading the respective multi-filament yarns and as such so 
as to be arranged into a sheet form and impregnating such sheet 
with a resin and tack drying the same impregnated with a resin. 
However, there is a problem with the prior method of spreading 
the respective yarns in order to produce a pre-impregnation 
sheet, in which it is hard to produce such sheet of high quality, 
thus, the improvement on such method being sought after. 

Namely, such requirements shall be satisfied for being 
qualified as a high-quality pre-impregnation sheet referred to 
herein as having more than 100m in length and a- thickness in 
the order of 0.1 mm with the component filaments aligned 
uniformly with each other. In some cases, it requires that the 
impregnability of a resin be lower. However, conventionally, 
friction, cohesion and so forth act upon the respective 
filaments, which makes it hard to spread the respective yarns 
thinly enough to be formed into a sheet, on the surface of which 
sheet the discontinuity between the adjoining spread yarns 
occurs seriously .affecting its quality. 

In view of the above inconveniences encountered with the 
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prior art, the invention is to provide a method of spreading 
a multi-filament yarn and the like whereby the respective yarns 
are spread thinly enough to be formed into a sheet with the 
respective filaments thereof commingled with each other without 
causing the discontinuity between the adjoining spread yarns 
on its surface. 

That is to say, the invention is characterized in running 
the respective multi-filament yarns as continuously supplied 
on a cylindrical body vibrating in its axial direction so as 
to spread the respective yarns ♦ 

Hereafter, the invention is described in more details. 

The invention is particularly effective for spreading such 
multifilament yarn as being made from carbon fibers, glass 
fibers so as to produce a pre-impregnation sheet, to which the 
invention is not limited, but may be applied to other 
multi-filament yarns generally distributed in the market. 

Figure 1 shows one example' of an apparatus for spreading 
the respective multifilament yarns into a sheet and 
impregnating the sheet with a resin so as to produce an 
pre-impregnation sheet. As shown, the respective yarns 1 are 
supplied to the spreading device 4 via the warping device 3 from 
the yarn supplier 2. At the spreading device 4 whose spreading 
operation is performed in the resin tank 9, the respective yarns 
1 are spread thinly enough to be formed into a sheet and the 
sheet is impregnated with a resin and then fed to the drying 
chamber 5 so as to be tack dried, which pre-impregnation sheet 
is wound up" by the wind-up roller 6. 

The impregnation of a resin is performed, as shown in 
Figure 1, simultaneously with spreading operation by means of 
the spreading device 4 disposed in the resin tank 9, but the 
resin tank may be provided separately from the spreading device 
for performing the impregnation operation. 

Then, upon performing spreading operation on the 
respective yarns 1 as supplied by means of the spreading device 
4, as shown in Figure 2, they are spread while running on the 
cylindrical body 7 vibrating in its axial direction. This 
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enables the respective yarns to be spread well without either 
cohesion force or friction force acting upon the adjoining 
filaments, which results in forming an extremely thin 
pre-impregnation sheet . 

That is to say, in the case of the yarn 1 being pulled up 
with the tensile force Ti and supported on the cylindrical body 
7 as shown in Figure 3, the cylindrical body is pushed back by 
the pressure T 2 applied by the yarn 1 while the rebound force 
having a value corresponding to that of the pressure T 2 acts 
upon the yarn 1. Thus, when the yarn 1 runs in contact with a 
part of the cylindrical body 7, it extends widthwise so as to 
be thinly spread by the action of the pressure T 2 and the rebound 
force T 2 . However, once the yarn 1 extends widthwise, the force 
T 3 and .T 4 act upon the respective filaments la, by the action 
of which force T 4 the yarn 1 is interrupted from extending 
widthwise and the friction force acts upon the adjoining 
filaments la along with the action of the cohesion force such 
as electrostatic force, Van der Waals force and so forth so that 
the yarn tends to become round in section. 

In short, in the case of the respective yarns being spread 
in contact with a part of the cylindrical body 7, the respective 
yarns are spread to some extent by the tensile force applied 
thereto and the friction with the cylindrical body, but the 
degree to which the respective yarns are spread is not 
sufficient enough to be formed into a sheet. Besides, the 
interconnection and interengagement between the respective 
yarns are not sufficient so as to cause the discontinuity 
between the adjacent spread yarns- on the surface of the sheet 
as formed. On the other hand, vibrating the cylindrical body 
7 in its axial direction on which the respective yarns are placed 
or giving vibration crosswise with regard to the respective 
yarns cancels the dynamic relation between the respective 
filaments as mentioned above so that the respective yarns are 
spread in better condition so as to be thinly extended into a 
sheet. Vibration given crosswise to the respective yarns on the 
cylindrical body 7 is carried out in any manner, but normally 
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the cylindrical body 7 vibrates in its axial direction. 

Further consenting, in order to overcome the dynamic 
relation between the respective filaments as shown in Figure 
4 so as to spread the respective yarns, giving any kinds of 
vibration to the respective yarns, for instance, even giving 
vibration along with the feeding course of the respective yams 
enables them to be spread successfully . However, such vibration 
as given to the respective yarns along with the feeding course 
thereof causes the respective yarns not to be intermingled with 
each other and to vulnerably raise fluffs on the surface of the 
respective yarns at the warping device. In the case of vibration 
being given widthwise with regard to the respective yarns, it 
keeps the respective yarns under a certain tension so that a 
sheet is formed with the respective spread yarns sufficiently 
intermingled with each other without any discontinuity between 
them and any fluffs or gaps on the surface thereof. 

To note, vibration may be given crosswise to the respective 
yams in water and synthetic resin solution and so forth besides 
being given in the air. 

That is to say, vibration being given to the respective 
yarns placed on the cylindrical body in the air, the dynamic 
relation between the adjoining yarns is overcome so that the 
respective yarns are spread in better condition while they are 
by far more thinly spread in such solution as mentioned above 
because the cohesion and friction working between the 
respective filaments become smaller therein. 

Furthermore, spreading operation being. performed in such 
solutions as mentioned above, providing that fluffs occur on 
the spread sheet, there is no case where the fluffs scatter 
around. Moreover, such solution plays a. role as a lubricant so 
that the degree to which the respective yarns are spread is 
increased and the respective spread yarns are intermingled with 
each other in better condition. 

The respective yarns may be spread in two stages besides 
being spread in a single layer so as to be combined into a sheet.. 

Figure 5 shows the respective yarns spread in two stages 
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so as to be combined into a sheet. In this case, as shown in 
Figure 6, the respective yarns, lb and the respective yarns 1c 
are spread in different stages so as to be combined into a sheet. 
In the case where the respective yarns lb are supplied with an 
interval P between them, the respective yarns lc aligned in the 
lower stage are supplied with the displacement by one-half 
multiplied by the pitch P from the upper yarns lb . The respective 
yarns lb and lc are spread on the respective cylindrical bodies 
7a and 7b, which bodies vibrate in their axial direction in the 
same way as described above. The respective spread yarns lb in 
the upper stage and those lc in the lower stage are intermingled 
with each other so as to be combined into a sheet without 
intermittence ♦ 

That is to say, upon the respective yarns lb and lc being 
spread on the cylindrical body 7, they are spread thinly as shown 
in Figure 7(a) in the beginning, but the force T 4 as shown in 
Figure 4 works on a spread portion of the respective yarns so 
as to tend to hamper them from being widthwise extended. However, 
the respective spread yams lb and lc are partly overlapped one 
over another and intermingled with each other so that such force 
T 4 working on a spread portion of the respective yarns is set 
off against each other, thereby, the respective spread yarns 
continuing without intermittence as shown in Figure 7 (b) . 

Besides the yarns arranged in a plurality of stages being 
overlaid one over another, vibration being given crosswise with 
regard to the respective yarns arranged in a single stage and 
placed on the cylindrical body 7, the adjoining spread yarns 
are intermingled with each other so that the force T 4 working 
on a spread portion of the respective yarns is set off against 
each other, thereby, the respective spread yarns continuing 
without intermittence. To note, following that spreading 
operation is complete in the respective stages, the upper and 
lower spread yarns are overlaid at an influx roller 8 as shown 
in Figure 5. 

The best mode conditions for carrying out the invention 
are as follows . ■ 
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(1) Vibrations 

Vibration is reciprocally given crosswise to the 
respective yarns plabed on the cylindrical body within the range 
of 30 to 3000 times per minute. Increasing the number of 
vibrations is desirable for enhancing the degree to which the 
respective yarns are spread, but increasing the same too much 
causes fluffs to occur on the surface of the respective spread 
yarns . In this respect, the maximum number of vibrations should 
be in the order of 3000 times. Where the number of vibrations 
is reduced to less than 30 times, no spreading effect is brought 
at all. In the case of carbon fibers yarn being spread, favorably/ 
the number of vibrations should be in the order of 300 to 600 
times per minute. 

(2) Length by which the cylindrical body moves back and forth 
in its axial direction and the feeding speed of the respective 
yarns 

The larger the length becomes, the less spreading effect 
improves . Besides problems occur related to the equipment cost. 
Thus, preferably, vibration is given thereto over the range of 
1 to 10 mm while the feeding speed of the respective yarns should 
be in the order of 30 to 150 m per hour. 

To note, the cylindrical body is disposed such that it is 
rotatable, but may be fixed instead for playing its role. 

The examples of the invention are described as follows. 
EXAMPLE 1 

Eighty-six E glass roving yarns whose linear density of- 
fibers is 310 Tex equivalent to 2800 denier are suspended to 
the yarn supplier. The respective yarns are led to the spreading 
device with the feeding speed of lOOm/hour and the tensile force 
of 20g applied thereto and with an interval 4 mm between them. 
The respective yarns are spread into a sheet having 34 0 mm in 
width by moving the cylindrical body back and forth in its axial 
direction over 25 mm to give 400 vibrations per minute to the 
respective yarns. 

Observing a sheet as spread that is sandwiched between two 
glass plates, it is found to be free from fibrous sinuosity and 
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unevenness on the surface and has 0.05 mm in thickness. Cutting 
off both ends of the sheet as sandwiched between those plates, 
and taking them off, there is no case where the adjoining spread 
glass roving yarns are separated from each other. 
EXAMPLE 2 

Forty-three E glass roving yarns like the example 1 are 
supplied from the respective yarn suppliers to the cylindrical 
body of the upper and lower stages respectively. The respective 
yarns of the respective stages are drawn out from the respective 
yarn suppliers with an interval of 8 mm between them. The 
interval between the adjoining yarns lined in the lower stage' 
is displaced by one-half pitch from that between the respective 
yarns lined in the upper stage. Under the same conditions of 
the feeding speed of the respective yarns, the tensile force 
applied thereto, the number of vibrations and the length by 
which the cylindrical body moves back and forth in its axial 
direction as Example 1, a sheet of 340 mm in width and 0.05 mm 
in thickness is formed. Observing the sheet as spread that is 
sandwiched between two glass plates, it is found to be as neat 
as that formed in the example 1. Cutting off both ends of the 
sheet sandwiched between those glass plates and removing the 
plates from it, it stands perfect and the respective spread 
yarns intermingled with each other are not easy to be separated 
even though they are pulled sideways. 

To note, in comparison with the above examples, the 
respective glass roving yarns being spread into a sheet without 
vibrating the cylindrical body, they seem to be flattened out 
in contact with the cylindrical body, but the respective spread 
yarns are converged into a bundle after the passage of the 
cylindrical body without the respective spread yarns being 
intermingled with each other, failing in being formed into a 
sheet . 
EXAMPLE 3 

Eighty-two carbon multi-filament yarns respectively 
comprising 6000 filaments whose linear density of fibers is 
defined 4000 denier are suspended to the yarn supplier, to which 



yarns respectively the tensile force of 50g is applied and which 
respective yarns are fed to the cylindrical body vibrating 
crosswise with regard to the feeding course of the respective 
yarns at the feeding speed of 100 m/hour with an interval of 
4.2 mm between them so as to be spread into a sheet. ■ 

In this example, a resin solution prepared by solving 100 
parts of epoxy resin in 100 parts of methyl ethyl ketone, to 
which solution a curing agent (BF 3 ) corresponding to 5% of the 
total volume is added, is contained in the spreading device. 
The cylindrical body moves back and forth over 5 mm in its axial 
direction and vibrates by 0 to 3000 times per minute, which 
result is shown in Table 1. 

Table 1 



Vibration 
(times/min. ) 


thickness 
(rum) 


Gap 


Sinuosity 


Fluffs 


0 


0.18 


Frequent 
Occurrence 


None 


None 


30 


0. 11 


3 


None 


None 


100 


0.10 


0 


None 


None 


300 


0.10 


0 


None 


None 


1, 000 


0.10 


0 


Acceptable 


Acceptable 


2, 000 


0.10 


0 


Possible 


Possible 


3, 000 


0.10 


0 


No good 


No good 



and 30 mm in length per 1 m 2 of the sheet observed with 
light transmitted through the sheet.. 

EXAMPLE 4 

Forty-one carbon multi-filament yarns having the same 
property as that used in the above example 3 are supplied from 
the respective upper and lower suppliers to the respective 
cylindrical bodies. The respective yarns arranged in the lower 
stages are displaced by one-half pitch from the corresponding 
yarns in the upper stage. The respective yarns in each stage 
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are lined with an interval of 8 . 4 mm between them. The respective 
cylindrical bodies vibrate by 300 times per minute and move back 
and forth over 2 to 12 mm in length in their axial direction, 
and the other conditions are the same as those of the above 
example 3, which result is shown in Table 2. 

Table 2 



Length (mm) 


Thickness 
(mm) 


Gap 


Sinuosity 


Fluffs 


2 


0,11 


Acceptable 


None 


None 


4 


0.10 


None 


None 


None 


6 


0.10 


None 


None 


None 


8 


0 . 10 


None 


None 


Acceptable 


10 


0.10 


None 


Acceptable 


Acceptable 


12 


0.10 


None 


Possible 


Possible 



is intended for spreading the respective yarns and as such 
running on the cylindrical body moving back and forth in its 
axial direction so as to subject the same to vibrations whereby 
the same is spread with facility so as to be formed into a thin 
sheet without difficulty. The respective spread yarns are 
intermingled with each other without causing any gap between 
them so that a sheet with stable quality is obtained. Where the 
same is spread inside water or other liquids, the operation is 
further facilitated without scattering around fluffs so as to 
improve the job environment and a yarn to which higher tensile 
force is applied is spread with ease. Depending upon the 
selection of the solution, the operation is performed on such 
yarn as the respective filaments thereof being firmly bonded 
together with a sizing agent. When an impregnation resinous 
solution is put to use, a pre-impregnation sheet is obtained 
just with tack drying the same. Further, the respective yarns 
are spread in a plurality of stages so as to be combined, which 
intensifies the bonding between the respective filaments of a 
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sheet . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the arrangement of one example of ' an 
apparatus for producing a pre-impregnation sheet according, to 
the invention; Figures 2 and 4 are perspective views to 
comparatively show the state where the respective yarns are 
spread according to the invention and according to the prior 
art; Figure 3 shows one example of how the tensile force applied 
to the respective filaments is dispersed in contact with the 
cylindrical body; Figure 5 is a side view to show an example 
wherein the respective yarns are spread in the respective upper 
and lowers stages according to the invention; Figure 6 is a 
sectional view taken along A-A line of Figure 5; and Figure 7 
(a) and (b) show the respective spread yarns intermingled with 
each other. 
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